Introduction: This study aimed to evaluate the child's salivary cortisol levels, clinical performance and marginal adaptation of restorations after selective removal of necrotic dentin in primary teeth using Er: YAG laser irradiation. Methods: A double-blind clinical study was performed in children at 7-10 years. Children who had at least 2 teeth with carious lesions involving the occlusal and proximal surfaces of primary molars counterparts were selected. Removal of necrotic dentin was performed by 2 methods: Er: YAG laser irradiation and bur-preparation. Cortisol levels (n = 24) was evaluated by ELISA. Clinical analysis (n = 20) was performed after the restorations polish, 6 and 12 months after restorative procedure using United States Public Health Service (USPHS) method and photographs. Scanning electron microscopy (SEM) was used to analyz the marginal gap formation (n = 20). The analysis of the data was performed by 95% confidence interval, Shapiro-Wilk test, Friedman and Wilcoxon post hoc tests (α = 5%). Results: Cortisol levels were higher during selective removal of necrotic dentin, regardless of the method used (P > 0.05). After 12 months, there was no evidence of the difference in the restorations performed on cavities prepared by both methods. SEM analysis revealed that the laser-irradiated teeth showed 10% of gaps in the full extent of restoration. For bur-prepared teeth, 20% of gaps were found at the cavosurface margin.
Introduction
The selective (or partial) caries removal in primary teeth has been shown as an advantageous technique, considering that this treatment inactivates carious lesions and reduces the levels of cariogenic microorganisms in dentin. 1, 2 The outer zone has irregular crystals and irreversibly denatured collagen, which should be completely removed. Unlike, internally the caries-affected dentin has reduced reticular fibers and apatite crystals flakes cross-linked with the fibers. 3 It is known that dental procedures cause stress and fear on children 4, 5 mainly due to the use of rotating drills (diamond or tungsten, or both) that generate heat, noise, and pressure. 6 The cortisol also called the "stress hormone, " is an interesting tool to be the most important synthesized glucocorticosteroid in the cortex of the adrenal gland. It has major anti-inflammatory and immunosuppressive properties, inhibiting the formation of lymphocytes and inducing lymphatic tissue hyperplasia 7 and has been evaluated in studies of stress and fear. 8 The salivary cortisol is an indicator of free cortisol (biologically active) in human serum, and the analysis of salivary cortisol levels is a noninvasive and easy technique to perform during dental practice. [9] [10] [11] [12] The stress during a restorative dental treatment, especially in pediatric patients, may be considerably reduced with the use of laser irradiation. 6 Laser technology eliminates discomfort caused by noise and vibration during the use of the conventional rotary instruments, reducing the need of local anesthesia, [13] [14] [15] being well accepted by patients. 14 The Er: YAG laser promotes effective ablation of carious tissues, 16 by means of water evaporation resulting in micro-explosions in the mineralized tissue. 17 Treatment with Er: YAG laser does not affect Ca, K, Mg, Na, and P 18 and was similar to bur preparation in carious tissue removal of primary teeth 19 being considered safe for cavity preparation. In addition, restorations performed with Er: YAG laser irradiation were clinically acceptable, following the modified United States Public Health Service (USPHS) criteria. 19, 20 Due to the lack of well-designed randomized trials assessing the children stress during caries removal using laser irradiation, as well as the durability of restorations, the purpose of this study was to evaluated salivary cortisol levels, clinical performance of restorations and marginal adaptation of the replica of restorations, after selective removal of necrotic dentin in primary molars using Er: YAG laser irradiation. The null hypotheses tested were: (1) Child's salivary cortisol level is not influenced by the method for selective removal of necrotic dentin; (2) The method used for caries removal does not influence the longitudinal performance of class II composite restorations in primary molars.
Methods

Study Design
This study analyzed the method used in selective removal of necrotic dentin, in 2 levels: (1) Er: YAG laser (250 mJ/4 Hz) and (2) bur-preparation method (drills at lowspeed rotation). The experimental sample consisted of 24 children and 48 primary molars that had dentin carious lesions on occlusal and proximal surfaces. The study was a double-blind randomized clinical trial design, that were analyzed: clinical assessment of salivary cortisol levels during the selective removal of necrotic dentin by enzyme-linked immunosorbent assay (mol/L), clinical evaluation of restorations by modified USPHS criteria, qualitative evaluation of photographic restoration and quantitative analysis of marginal adaptation of the replica of the restoration by scanning electron microscopy (SEM).
The volunteer's parents or keepers received all information about the study and the possibility to withdraw the research at any time. Then, a consent term was signed.
Recruitment
Calculation of patient recruitment was suggested in the findings of Valério et al. 19 Through the website https:// www.sealedenvelope.com (Sealed Envelope Ltd.) by means of a power calculator, it was used the equivalence trial with the following parameters: α = 5%, the power of 90% and equivalence limit of 15%, resulting in 20 children.
It was examined 1.115 children, of both genders aged 7 to 10 years old. It was performed clinical and radiographic examination using digital radiography sensor (CDR Elite, Fona, São Paulo, SP, Brazil) with positioner. The inclusion criteria were: 2 dentin carious lesions on occlusal and proximal surfaces of primary molars counterparts (medium and deep cavities), with less than half of the root resorbed and vital pulps, and lack of restorative materials. 21 Seventy-one children were selected for this study. Of these volunteers, 47 refused to participate, thus, 24 children were selected and cortisol analysis was performed. Four children did not return after 7 days for polishing of restoration, thus, 20 children (n = 20) were included in the clinical follow-up. Figure 1 represents the CONSORT diagram, where the stages of monitoring to the subjects from the beginning to the final condition are reported.
Firstly children received dental prophylaxis followed by the clinical examination. Children received complete dental treatment depending on their need, involving all areas of dentistry. Calibration of the three clinical examiners was done across the analysis of dental manikins that had their teeth restored with composite resin (Kappa test: A and B interexaminer agreement = 0.92, A and C interexaminer agreement = 0.89 and B and C interexaminer agreement = 0.94).
Selective Removal of Necrotic Dentin Selected children had their names numbered to order their treatment using the website http:// randomnumbergenerator.intemodino.com/pt/, therefore teeth were randomly directed toward the groups: (1) Er: YAG laser irradiation or (2) bur-preparation method (drill at low-speed) by the coin toss. The treatments were performed in separate sessions, with an interval of 7 days between sessions.
The child was carefully anesthetized with topical anesthetic (EMLA, Astrazeneca Laboratory, Cotia SP, Brazil), followed by the application of a local anesthetic solution. After anesthesia, a period of 15 minutes was waited, allowing cortisol levels to return to normal values. 22 Duringthis waiting period, the color of the composite resin was selected using a color scale (3D color scale, Vita Ltda, Petrópolis, RJ, Brazil). The dental operative field was isolated with a rubber dam (Madeitex, São José dos Campos, SP, Brazil) using different clamps (Duflex, SSWhite, Juiz de Fora, MG, Brazil) according to primary molar's morphology. After 15 minutes, the selective removal of necrotic dentin was performed in the primary molar of one hemiarch (experimental) using Er: YAG laser irradiation and drills on the contralateral primary molar (control).
The parameters of Er: YAG laser (Fidelis Er III, Fotona, Ljubljana, Slovenia) used in this study were: MSP mode, with a pen (R02) at the noncontact mode, focal distance of 7 mm, pulsed energy of 250 mJ, frequency of 4 Hz, 19 output beam diameter of 0.9 mm, energy density of 39 J/ cm 2 , and under water spray (6 mL/min).
Spherical carbide drills (KG Sorensen, Barueri, SP, Brazil), mounted in low-speed handpiece (contra-angle 1:1 L micro-series, Bier-Air Medical Technologies, Switzerland), compatible with the cavity size, were used for selective removal of necrotic dentin in control group. Using high-speed handpiece (contra-angle 1:5 L microseries, Bier-Air Medical Technologies, Switzerland) the access to caries lesions was performed with spherical diamond drills (KG Sorensen, Barueri, SP, Brazil) compatible with the cavity size.
The selective removal of necrotic dentin was initiated in the superficial layer of infected dentin from the surrounding walls of primary molars using either the Er: YAG laser irradiation or drills. The affected dentin, which is susceptible to remineralization and resistant to curettage was left in the pulpal wall. 3 Selective removal of necrotic dentin was checked with a probe and evaluated based on clinical criteria of consistency and texture. 23 Only the incomplete removal of the carious tissue from the surrounding walls was verified according to the clinical hardness criteria, 24 thus, the curettes #11, #11 1⁄2 , and #12 (Duflex, SSWhite, Juiz de Fora, MG, Brazil) were used to supplement the total removal, whenever necessary for both groups.
Restorative Treatment Indirect pulp cap was performed in deep cavities using calcium hydroxide cement (Dycal; Dentisply Indústria e Comércio Ltda, Petrópolis, RJ, Brazil), followed by glass ionomer cement (Ketac Molar; 3M, São Paulo, Brazil). Just glass ionomer cement (Ketac Molar; 3M, São Paulo, Brazil) was used in cavities classified as medium.
Acid conditioning was performed with 35% phosphoric acid gel for 15 seconds in enamel and 7 seconds in dentin, 25 preceded by washing the cavity for 1 minute. Adhesive single bond universal (3M ESPE, São Paulo, SP, Brazil), São Paulo, SP, Brazil) was applied in 2 layers, interspersed by an air spray for 5 seconds, and light cured (1200 mW/ cm 2 ; Gnatus, Ribeirão Preto, SP, Brazil) following the manufacturer's instructions.
Restorations were performed using Tofflemire matrix band (Golgran, São Caetano do Sul, SP, Brazil) and stainless steel matrix, stabilized by a wooden wedge. As the purpose of returning the ideal anatomical form to the primary molars, was applied the composite resin (Filtek Z350; 3M ESPE, Saint Paul, MN, USA) using the incremental technique being light cured for 20 seconds.
Diamond burs (KG Sorensen, Cotia, SP, Brazil) were used to performed the occlusal adjustment of the restorations with the aid of carbon paper (AccuFilm, Parkell, Farmingdale, NY, USA). Children returned after 7 days to final polish of the restorations. 19, 20 Evaluation of Salivary Cortisol Salivary cortisol levels evaluated child's stress during selective removal of necrotic dentin. Saliva samples were collected using Salivette ® system (Salivette TM, Inc. Sarstedt, Nümbrecht, Germany) before the procedure in the child's home (baseline) and during the selective removal of necrotic dentin: with bur (conventional method) or with Er: YAG laser irradiation.
At the baseline, the saliva collection in the child's residence was performed by the mother or guardian previously oriented by the researcher. The Salivette ® system containing a cotton roller tied by a thread and a collecting tube was delivered for the parent/guardian of the child. The cotton roller was placed in the sublingual region of the child, remaining in the mouth for 3 minutes and, subsequently, inserted into the collecting tube and stored in the refrigerator (-20 o C) to avoid bacterial growth in the specimen. It was recommended for patients to avoid eating foods that contain caffeine and acid juices that can affect the salivary pH on the day before and on the day of the appointment, as well as, do not brush your teeth within the thirty minutes that precede the collect of the saliva.
On the day of the appointment, the collection of saliva was performed after the teeth were isolated. During the removal of dentin carious lesions by bur or Er: YAG laser irradiation, a cotton roller was placed in the sublingual region of the child remaining in the mouth for 3 minutes. After, the roller was inserted into the collecting tube, stored in the refrigerator and then, the restoration was performed. When the procedure ended, the samples were centrifuged (Biosystems, São José dos Pinhais, Paraná, Brazil) at 3000 rpm for 15 minutes for saliva extraction and removes mucins and other particulate matter which may interfere with antibody binding and affect results, so, the analysis of salivary cortisol (nmol/L) (n = 24) was performed in duplicate by immunoenzymatic assay (Salivary Cortisol ELISA Assay Kit, Salimetrics LLC, PA, USA). The reagents were prepared according to the manufacturer's instructions and 25 μL of saliva samples were pipetted into appropriate wells. After incubation, unbound components were washed away. Bound cortisol enzyme conjugate was measured by the reaction of the horseradish peroxidase enzyme to the substrate tetramethylbenzidine (TMB). This reaction produced a blue color. A yellow color was formed after stopping the reaction with an acidic solution. The optical density was read on a standard plate reader at 450 nm and the concentrations were determined using data reduction software. To obtain the final cortisol concentration was multiplied the concentration of the diluted sample by the dilution factor. The amount of cortisol enzyme conjugate detected was inversely proportional to the amount of cortisol present in the sample.
Clinical and Photographic Evaluation of the Restorations
This analysis was performed at different times: after 7 days of the restorative procedure (after the polishing), 6 months and after 1 year of the restorative procedure.
Three examiners with professional experience (SAMC, MAN, FACZ), performed the clinical analysis), according to the modified USPHS criteria, 19, 20, 26 which included the analysis of retention, marginal discoloration, marginal adaptation, axial contour, and secondary caries. Restorations were classified as Alpha -restorations in perfect conditions; Bravo -restorations with small failures, but clinically acceptable; and Charlie -restorations with relevant failures, needed to be replaced (Table 1) .
After restorations polish, 6 and 12 months period, photographs were taken with a digital camera (Canon EOS Rebel T2i 18.0 Megapixels, Canon, Tokyo, Japan) SEM Analysis by Means of the Restoration's Replica After the restoration's polish (7 days), 6 months and 1 year period a molding with addition-cured silicone (Express XT, 3M ESPE, Germany) was performed. Molds were disinfected with chlorhexidine 2% spray, and then, were performed models using epoxy resin (Buehler, SC, Brazil).
The replicas of the restorations were fixed in stubs, metalized with a gold overlay and analyzed by SEM (Zeiss, EVO 50, Cambridge, UK) under 20× magnification. Marginal sealing of the occlusal surface was determined by verifying the presence of irregularities and gaps found in the performed restorations. Non-judgeable parts and artifacts were excluded. Images were analyzed by a calibrated examiner blinded for experimental groups. Radiographic control after one year was not performed 
Results
The results of the salivary cortisol levels are described in Table 2 . The salivary cortisol levels were higher during selective removal of necrotic dentin independently of the used method. Salivary cortisol levels obtained during dentin caries removal with Er: YAG laser irradiation was similar to those obtained by bur preparation (drills at low-speed). The results of clinical analysis using the modified USPHS criteria showed that there was no evidence of the difference for retention, marginal adaptation, discoloration and secondary caries for restorations performed on class II restorations prepared by both methods. In the analysis of 12 months, one restoration prepared with bur was lost. Table 3 showed a non-expressive number of alterations of the marginal adaptation in restorations of cavities prepared by both methods. Figure 3 shows representative photographs of treatments.
The qualitative SEM analysis of the restoration's replica showed that there was no difference between baseline and 6 months period. After 12 months, the laser-irradiated teeth showed 10% of gaps in the full extent of restoration. For those prepared with drills, 20% of gaps were found at the cavosurface angle (Figure 4 ).
Discussion
The null hypothesis that there were no differences in salivary cortisol levels of children during the selective removal of necrotic dentin using drills or Er: YAG laser irradiation was accepted. Er: YAG laser removed necrotic dentin by the ablative process because its wavelength (2.94 μm) promotes water absorption, leading to micro explosions, evaporation of water content, and consequently, expansion and ejection of the material. 17 Laser therapy becomes possible the tissue removal without mechanical contact with the dental substrate, thus avoiding heating the remaining structures. Laser irradiation does not promote vibration, pressure or discomfort during the removal of carious lesions, overcoming the children drill phobia. 4, 19 In this study, it was used an electric motor with electromagnetic induction system with 40 000 rpm and 2.5 N-cm torque. This system differs from the conventional handpiece system because has a pneumatic system with 20 000 rpm and 1.2 N.cm torque. The electric motor allowed the removal of carious lesions with less pressure and noise, which probably provided a similar comfort to that delivered by Er: YAG laser irradiation. Our findings suggest that dental treatment can increase cortisol levels in children, and not only using specific methods for dentin caries removal. The knowledge of this stressful time can be useful to dental professionals, helping to prepare the children for this moment. These findings were also founded by Akyuz et al. 27 In addition, caries-affected dentin remained in the pulp and axial walls are able of remineralization and should not be completely removed. 3, 28 In this study, the evaluation of salivary cortisol level was used to analyze children responses to stress during removal of carious lesions. Although there are other physiological measures (including heart rate, oxygen saturation, blood pressure, vagal tonus, glucose, catecholamine, and other hormones), they are more invasive and may have not specificity for the responses to stress during the evaluated procedures. In many cases, to collect blood it is not a feasible alternative; sometimes it is still undesirable, especially in pediatric patients. The evaluation of salivary cortisol offers the opportunity to collect samples without the stress stimulus, which is essential for basal cortisol samples (baseline).
29
Salivary cortisol levels obtained prior to dental treatment (baseline) had lower values than those obtained during the selective removal of necrotic dentin. These data corroborate the findings found by Yfanti et al 5 and Kandemir et al, 30 in which dental treatment also stimulated the hypothalamus-pituitary-adrenal axis, promoting increased salivary cortisol levels during removal of carious lesions. Basal cortisol levels obtained in this study were similar to normal levels, for children with 4 to 10 years. 31 In the present study, a factor that may have contributed to the lack of difference in cortisol levels between the methods of caries removal may be that few children exhibited an anxious behavior. Recently, Curcio et al, 32 reported that only uncooperative children presented high levels of salivary cortisol prior to and shortly after the dental appointment.
The null hypothesis that the method used for caries removal does not influence the longitudinal performance of composite restorations in primary molars was also accepted. Results showed no differences in the evaluated criteria after a 1 year period, independent of the method used for selective removal of necrotic dentin, using to the modified USPHS criteria and photographic evaluation. This may have occurred due to the fact that both methods have promoted proper sealing of the cavity. 19, 20 The success of minimally invasive treatment is given by the ability of the restorative material to promote proper sealing of the dentine, remaining intact and adhered to the tooth surface overtime. 33 Er: YAG laser for caries removal showed similar results to drills when used in class I cavities. 19, 20 According to Hamidi et al, 34 restorations performed on laser-prepared cavity showed acceptable clinical performance after 5 years follow-up, based on USPHS evaluation; however, this study had methodological limitations, because there was no controls group with drills. Franzon et al, 35 demonstrated that composite restorations conducted in primary molars showed the survival of 76% after 2 years follow-up, and the selective caries removal technique also resulted in less pulp exposure. In a randomized controlled trial comparing Er: YAG laser irradiation and rotary bur Sarmadi et al, 36 showed no statistically significant differences between the restorations performed after excavation with the 2 methods, either in quality or survival of restorations using USPHS criteria 26 over a 2-year period. With the purpose to analyze the presence of irregularities and gaps 20 in the marginal sealing of the restoration, it was molded using addition-cured silicone 37 and by means of epoxy resin model, it was possible to analyze the original characteristics of the restoration under 20× magnification. SEM analysis showed 10% of gaps in the fullest extent of the restoration when the dentin caries removal was conducted with Er: YAG laser irradiation. Restorations performed by drills at low-speed showed 20% of gaps, located in the cavosurface angle of the proximal margin. These results demonstrated that both methods were effective because gaps were detected in a non-expressive amount of restorations according to Galafasi et al. 20 Er: YAG laser irradiation promotes a conservative treatment in dentin caries removal, 38 moreover it does not produce noise, pressure or vibration, 13, 38 reducing the perception of pain during laser treatment, 39 as well as decreases the need for the use of local infiltrative anesthesia. 13, 14 This technique is preferred in relation to bur preparation by patients 40 and is a potential alternative to mechanical drill.
Conclusion
• Salivary cortisol levels in children that received dentin caries removal using Er: YAG laser were similar to the control group.
• Class II restorations after selective removal of necrotic dentin in primary molars evaluated after 1 year period did not suffer interference by the use of Er: YAG laser irradiation.
• The accomplishment of a greater number of longitudinal clinical studies using salivary cortisol levels during Er: YAG laser irradiation for removal necrotic dentin as well the composite resin restorations performed should be investigated.
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